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ABSTRACT

Pitch and yaw of shock afterflow as a function of time, dynamic
pressure parameters, and the contributions of air and dust tc dynamic
pressure were measured over desert, asphalt, and water surfaces during
Shot 12,

Little or no yaw of flow was detected, but pitch of fiow was fcurd
to be considerable over all three surfaces to 2,500 feet from ground zero.
Over desert and asphalt, pltch-time records displayed a consistent pat-
tern of initial wward fiow followed by horizontal flow, or at 2,500-foot
stations, doviwerd flow, Pitch-time records over water are erratic and
little urierstood,

2ir dynamic pressures at 3-foot elevations, 2,000 and 2,500 feet
froo ground zero, were highest over desert and higher over asphalt than
water, Considerable dust loading occurred on the desert where dust dynamic
pressure exceeded that of air. Particle loading was present over asphalt,
but the extent was not determined, No tangible evidence cf water loading
was found,

Results suggest that high air dynamic pressures over desert and
asphalt arise from air velocities higher than would be expected fram the
Rankine Hugoniot relations and measured cverpressures, Same specuvlations
are made about possible causes of these high velocities,

)
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FOREWORD

This report prements the final results of one of the 56 projects compris-
ing the Mlitary Effects Program of Operation Teapot, which included 1,
test detonations at the Nevada Test Site in 1955,

For overall Teapct military-effects information, the reader is re-
ferred to "Sumary Report of the Technical Director, Military Effects
Program,® WT-1153, which includes the following: (15 a description of
each detonation including yleld, zero-point environment, type of device,
ambient atmospheric conditions, etc.; (2) & diacussion of project results;
(3) a sumery of the objectives and results of each project; and (4) a
listing of project reports for the Military Effests Program,
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Chapter |
INTRODUCTION

1.1 OBJECTIVE

During Operation Upshot-Knothole, dynamic pressures measursd in the
precursor regions were almost ten times higher than calculated values,
(fram Rankine Hugoniot relations and measured overpressure) causing severe
damage to drag-sensitive targnte (Reference 1) and indicating that a
drastic unknown mechanism was at work in the precursor afterflow. To ex-
plore this further, Operation Teapot Project 1,1l made special measure-
ment3 versus time and distance over three surfaces: desert, asphalt, and
water, The desert surface was intended to produce a dusty precursor, the
asphalt a "clean" precursor, and the water surface an "ideal® blast wave
(Reference 2), The {hree blast lines were instrumented to measure after-
flow direction, air and dust contributions to and effect of obstacle sise
on dynamic pressure, and density and velocity of air and suspended dust.
High dynamic pressure might then be explainad, at least to the extent of
knowing which factor or factors causod enhancement,

1.2 BACKGROUND AND THEORY

1s2,1 Wind Directior. Prior to this study, no meesurememts of
vertical flow had been made within the prscursor; however, photographs
and the behavior of targets indicated that con3iderable pitch existed;
precursor shocks were not perperdicular to the ground, and bridges, for
example, appeared to be blown wp fram rather than off their supports
(Reference 3),

One expects the flow behind a front aivancing into still air to be
normal to the front, The observed inclination of ths precursor shock
therefore implies tha* the flow is initially upward ard only later settles
down tc norizontal flow, Near the ground the flow must always be hori-
zontal; this meuns that the front must curve so as to be normal to thae
surface st its lawer end,

Direct measvrements of pitch, the vertical angle of flow, were indi-
cated, They would give infocrmation about the precursor afterflow; any
such data might reveal more about this little-understood phenomenon, They
were also needed for correction of pitch-sensitive instruments and for
determination of the direction of the shock-irnduced drag farces,

No precursor was expected over the vater line; since ths pitch-
measuring stations were to be in the Mach stem, 1little or nr pitch was
expected., Nevertheless, pitch-time records were taken as a check on

SONFIDENTIAL
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instrumentation and to determine departures from "ideal" flow. Some
measurements of yaw were also made to check cross-~fesed from the adjacent
desert to the water line,

1:202 Dynomic Presgure. Adr dynamic pressure (q,) 18 defined by
- 2
=1/2 pu (1.1)

where ¢, is air density and u, is air velocity. For peak air dynamic
pressures immediately behind a shock front or behind plane waves having
a slow rise with an unchanging pressure profile, Equation 1.1 mey be
speciaiized by using values of 2 and v, based on the Rankine Hugoniot
relation, This result is

()2
4 =27PF +4p (1.2)
0

where P_ is ambient pressure and AP is overpressure. Equation 1.2 1s
valid ug to shock strengths of 8; beyond this value, changee of the
specific hest ratio (y) began to be felt, It is, of course, physically
impossible to obtain a slow rising plane wave of unchanging pressure
profile equivalent to such a shock strength.

Equations 1.1 and 1.2 are somewhat idealized because air, a com-
pressible fluid, does not register a difference between head-on and side-
on pressure equal to 1/2 u_? but rather what wo shall term obsarved
dyramic pressurs ( H%waver, this observed quantity may easily be
correlated with ideai by use of the relation

qac = qa (l + 0.25 Hz + 0.025 MA + ost) 9 (103)

where M is Mach number of free flow, Mathematically, this expression is
valid for Mach mmbers wp to 2,22 for isentropic flow. Physically, a bow
shock develops when the free flow Mach exceeds one and flow across it is
accompanied by an e...ropy gain, This entropy gain is slight for Mach
mmbers less than 1.25; for that Mach mmber the error incurred in com-
puting 0o, using Equation 1.3 amounts to two percent. If only the first
tvo terms of Eguation 1.3 are used the error is again about two percent
while the error is of opposite sign.
¢ pressures behind the precursor blast waves of Upshot-Knot-

hole (Reference 5) were not merely higher than Equation 1,2 and the
otserved overpressures would indicate, but they were about twice as high
as would be expected over an ideal surface, This ideal surface, of course,
has higher overpressures at tne same ground distance than does a surface
over which a precursor forms.

Four explanations of the anamaly have been offereds

1. It was caused by the Bernoulli effect ani that in general the
sum of dynamic pressure and overpressure is about the same for a precursor

12
CONFIDENTIAL




wave as it ie for an ideal at equal diatancee.l This was an intriguing
concept, but it lacked intellectual satisfaction, i.e., one still wa'.ted
the effect "explained,"

2. A pattern existed in the precursor afterflow which led to higher
flas velocities than would be expected fram Equation 1.2. The pattern
wasg pictured as a quasi-steady circulation about a bubble formed in the
hested air layer respcnsible for the precursor formation (Reference 4).

3. High dynamic pressurss were caused by snspended dust carried
along in the precursor afterflow. This was suggested by the fact dynamic
pressure increased markedly when the dust cloud impinged on the gages.
Furthermore, shock-tuba experiments indicated thet the gages used werse
sensitive to suspended dust, For small obstacles this increase in dynamic
pressure is the free-stream momentum flux of suspended dust, thus

qd = pdudz (1010-)

wherae is the dynamic pressure caused by dust, p ﬁhe density of sus-
pended dust, and uy, the dust velocity (Reference 5.

Lo Pressure waves with slow rise times have dynamic pressures that
are unrelated to extensions of Equation 1,2, that is, peak values of
overpressure in a spherical or cylindrical shock wave with a slow rise
time are not even approxdmate criteria for determining peak values of
dyrnamic pressure (Referense 6),

lThie concept may be oral only; at least the authors are not aware of a
reference, However, the concept is widely known and may have been
originated at a working conference on precursor phenamena at Headquarters,
AFSWP prior to the Fourth Meeting of the AFSWP Height-of-Burst Panel on
February 10, 1954.

2See Appendix A for further discussion of the dynamics of air dust mixtures.
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Chapter 2
INSTRUMENTATION

Table 2,1 gives a list of gages, types of measurement obtained and
available cross-checks, Same instruments were developed espe:ially for
Operation Teapot.

2.1 WIND DIRECTION GAGE'

This gage was used to obtain both pitch- and yaw-time records.

Pitch is a deviation of flow-direction from parallel to the surface,
upward flow being positive, Yaw is horizontal deviation of flow from a
line joining tke guge to grousd zero, a clockwise deviation looking down
on ground zero being considered pcositive.

The sensing element of the gage is a small vane soldered to a sturdy
shaft (Figure 2,1). Several types of vanes are used to cover different
dynamic pressure ranges; larger vanes are needed for lower dynamic pres-
sures, In the presence of flow, the vane orients itself to minimize drag
acting on it (zero torque). Reorientation time is about 3 to 7 msec,
varying with the vane used, deflection required, and the dynamic pressure
level, Rotation of the vane is transmitted by the shaft on which it is
mounted to the moving contact arm of a small potentiameter,2 providing a
signal that is correlated with wird direction (Figure 2.2).

202 SNOB AND GRil: GAGES (REFERENCE 7)

In clean air, snob (a pitot-static arrangement, Figure 2,3) obtains
dynamic pressure and side-on prescure-time records, and greg (Figure 2.4)
obtains head-on pressure-time records, Snob, however, has 1little response
to the mamentum flux of dust, while greg reacts fully to the same condition
by showing an increased dynamig prescure which represents free-stream
momentum flux of dust (pdudz), where p ; 18 suspended dust density and ug
is dust velocity.

The small response of snob to dust results from the use of & special
head-on pressure prche which has a small diameter and a streamlined tin.

Ipeveloped by J. W. Wistor, of Sandia Coarporation. A gage of similar
principle but of lighter construction was unsuccessfully employed on
Operation Tumbler-Snapper.

2The Microtorque, mamifaciured by Gianinni; it is linearly sensitive to
rotations of half a degree.

3306 Section 1.2 and Appendix A for theory of dynamic behavior of a dust-
air mixture.

VA
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The head-on pressure is transmitted from a point clese to the probe tip %o
the forward pressure transducer by a set of small pressure lines, Tke
probe is also eqvipped with a long cylindricsl cavity in which duat is
decelerated and captured. Dust mamentum flux is registered by the instru-
nent only to the extent that dust loses its mamentum before it reaches the
head-on pressuro-sensing region. The forward probe of snob has a con-
siderable volume which fills through & small orifice, giving the gage a
rise tims of over 3 msec; fill volume is reduced somewhat by use of a
flush disphragm-type transducer. By situating eight inlet ports in the
side-on sensing region which feed to a rear pressure transducer and to the
back of the forwa=d transducer, snob becames a side-on and dynanic.pressure
sensing gage,

The greg gage is much simpler (partly because it is solely a heed-on
pressure gage) and consists of a flush diaphragm pressure transducer pro-
tected by one or more layers of silicon rubber and mounted in a conven-
tionally shaped probe, Figure 2.4.

Neither the snob nor the greg gage is significantly inclinetion-angle
sensitive,

For dust particles of ordirary demsity, mean diameters in axcess of
10 microns, and with velocities expected urder field conditions, both
instruments perform nearly perfectly. At Frenchman Flat, however, most of
the dust particles have diameters below 10 mic{ons, resulting in less
satisfactory operation of the two instrumenmts,: Calculaticns and blow-down
tube tests indicate that for this small dust size, snob responds to 15
percent and greg responds to 9C percent of dust momeatum flux., 4 further
check of the response of the insiruments is planned, using an improved
blow-down tube arrangement,

Pressure transducers used in both instruments wers mamufactured by
Ultradyne Engineering (Albuquerque, New Mexico) and are rimilar to a type
previously manufsctured and used by Sandia Corporation (Reference &), except
that one-half of the transducer was used to provide a flush diaphragm. A
matching pressure-insensitive dummy wae used to oWtain a bridge balance.
This arrangement is satisfactory although slightly nonlinear.

2.3 FORCE PLATE

The force plate is a large diaphragm-type pressura gage (Carlson-
Wiancko, Reference 9) with a 7-3/8-inch-dismeter sensitive area mounted
in a 12-inch-diameter baffle. It was placed on the front of a tower head-on
to the blast to measure total (or stagnation) pressure in a shock wave.
More gpecifically, it was used to obtain the time veriation of the head-on
pressure of a mixture of dust and air on a sizeable object.

The finite size of the baffle caumses edge effects which mske the
average pressure over the sengitive area slightly less than true stugnation
pressure, For the plate dimensions, the correction is 5 percent of the air
dynamic pressure when the flow 38 normal to the area (zero pitch and yaw
angles); the correction is very nearly constant for flow having Mach

Lde are indebted to E. H. Engquist of Chemical and Radiclogical Laboratories
for providing us with partic.e-size data on a sample from Fraenchlman Flat.
15
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Figure 2,1 Calibration of wind-direction gage used in the
pitch sense (Shot 12).
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Figure 2,2 Schematic diagram of wind-direction gage.
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mmbters between 0,25 and 0.2, For pitch (or yaw) angles other than zero,
correctionz are available from wind-tunnel data and are Mach-mmber sensi-
tive,

Total pressurs (P,) is also recordad at the front end of an ideal
pitot gage. Observed gynamic pressure of a compressible fluid (qac) is the
difference between total pressure (Py) and static (side-on) overpressure
(AP), The usual pitot-static tube has a small sensing forward aree, but
8ize should make 1ittle difference for clean air, For dusty air, on the
other hand, size of the obstacle affects the registering coefficient of
dust, Use of the force plate allows one to exanine the effect of obstacle
size and provides a better index of the forca that might be expected on
the forward face of a large obstacle,

2,4 CENTRIPETAL-DENSITY GAGE (REFERENCE 10)

Developed to make a contimuous measurement of air density from zero
time throughout the passage of the shock wave, this gage was mounted at
the center of a side-on 24-inch-diameter btaffle. It is similar to the
usual centripetal air rump and produces a high-velocity stream of air by
a set of vanes rolaiing at about 24,000 rpm. Two stationary pressure
probes are located at the periplary of the rotating column of air, one
facing upstream and the other downstream, The difference in pressure be-
tWwaen the two probes is directly proportional to the dynamic pressure
imparted to the air column hy the rotating vanes., The velocity of the air
is constant, since it is imposed upon the air by constant speed vanes,
This means differemtial pressure is proportional to the density of air in
the gag~. A continmuous sample of free~stream shock-wave air is drawn in
at side-on pressure; thus, dif’erential pressure recorded by the gage is
directly proportional to free-stream density of air in the shock wave.
Before shock arrival, the gage should record <hanges in ambient density
caused by developnent of the thermal layer,

The contripetal-density gage utilizes a diaphregm-type differential
pressure transducer (Ultradyne) aJ the pressure detector for the two
probes, A static pressure gage, using the same type of transducer, is
mounted on the side-on baffle, giving static (side—on) overpressure at the
same point and time that density measurements are made. Air temperatu
may be obtained by using overpressure and density data in the perfect gas
equation,

Static tests in a variable-density and variable-temperature chamber
show that the gage does read density, but wind-tunnel tests show same
sens.tivity to Mach number, prcbably caused by heating of the whole gage
by air friction in the long steady-state runs of the wind %“umnel; this
sensitivity has never been manifest during full-scale shock waves,

Developed at Sandia Corporation prior to Jperation Upshot-Knothole to
measure the air density in a shock wave, exclusive of dust, the gage per-
formed satisfactorily on Shots 1, 9, and 10 of Upshot-Knothols (Reference
5). Between Operations Upshot-Knothole and Castle the gage was modified
by doubling the rotor speed and mounting in a smaller baffle; it operated
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satisfuctorily on each of two shots in Operation Castle {Peference 11),
The mnodel used in Operation Teapot was essentially the same as that used
in Castle,

2.5 PARTICLE-VELOCITY GAGE (REFERENCE 12)

In the Frenchman Flat area, dust and air should have the same speed;
for otner areas, this gage, which wes designed to measure particle velocity
of air in a shock wave, should give the velocity of the faster of the two
caponents, The significance of this measurement is apparent from Equation
1,1, Unfortunately no useful records were obteined as the gage was im-
paired by the zaro transient,

Operationally, the gage determines the transit time of a small pulse
of ions carried by the air stream over a known distance. This ion ;1lse
is produced by applying a& high-voltage pulse of L-psec duration to a
sharp hardened steel emitter probe, thereby ionizing the air flowing past
the point at that time, Transit time is determined by cetector probes
which are drivem positive as the ion pulse passes them., The three detector
probes are positioned over a 20-degree arc with the emitter probe at its
center,

2.6 MEDIWM-DENSITY GAGE:

Unlike the centripetal-density gage, the medium-density gage was
designed to register both air and dust; but primarily, it was used on
Operation Teapot as a dust-density gage, ~ince it would be pcssible to
correct its response for the eoffect of air-density changes. No useful
records were obtained, as the gage proved sensitive to thermal radiation,
The principle of the gage is to use changes in the dielectric constant of
the medium during passage of a blast wave to determine demnsity. These
dielectric-constant changes alter the capacitance of a sensing element con-
sisting of two coaxial cylindrical plates. Variations of this capacitance
change the resonant frequency of a tank circuit which includes the exposed
capacitor. Output of the tank-circuit oscillator is beat against the
signal from a fixed-frequency oscillator. Thus, variations in beat note
are 2n index to the medium dielectric changes. This beat frequency was
recorded directly on magnetic tape. The proposed analysis technique is
discussed in Appendix B,

2,7 VALUE OF INSTRUMENTATION

Individually the instruments gave interesting records; however, the
most useful and significant results were obtained by the use of a group of
gages at each station, with all gages located at about the same height
above the growund.

The ensemble-use of the instrumente was to provide the following
advantages: (1) Measurement of the individual factors which determine
dynamic pressure should enable one to see which factors account for high
dynamic pressures, (2) One could examine the flow direction histury and
effect of obstacle size on head-on dust loading, (3) Mmerous cross-

1

Develcped by J. W. Valentine and T. G, Banks, Jr., of Sandia Corporation
fram a concept evolved by M, Cowan, Jr. and H., H., Sander of Sandia Corpo-
ration (Reference 13),
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TABLE 2,1 BASIC EQUALITIES AND CROSS—CHECKS ON INSTRUMENTAT ION

For simplicity it is assumed that compressibility and individual instru.-
ment courrections have been applied.

Quzntity ymbol Instruments
Overpressure AP Snod Back Transducer, Tranasducer in
Centripetal Density Gage Baffle
Air Density Pa Centripetal Density Gage
Air Veloeity u, Particle Velocity Gege
q!
Air Dynamis
Preasure or Snob Forvard Transducer
1/2p,u,
Duat Density Py Medium-Density Cage
Dust Velocity uy About the same as air velocity if
particles amall
94
Dust Dynamic or Dynaric pressure of Greg mimus
Pressure Dynamic p-essure of Snch
Pa Ya
Head -On Pressurs (Pt)r Force Plate
Pt
Head -On Pressure or Grog Gage
‘P o+ q, +
Pitch Q Wind Direction Gegs
Yaw d Wind Direction Gage

Otbar Equaiities
(Py)p =8P +gq, *nqy

Here n, which should be between cne naif and one, is a registering co-
efficient of dust on the Force Plate,

Quantity Quantity
and and
Instruments Instruments
AP AP
{3nob) Pressure transducer located in
density gage baffle
9 Should 1/2 o\, g (centripetal density gage
(Snob) Equal and vind velocity gage)
Qd 2
(Snot pu,“ (mediim density gage and
and wind velocity gage)
Creg)

The nther pocsible cross—checks ars obvioue fraom these relations,
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checks of instruments would be possitle (Table 2,1). (4) It would be
possible to infer quantities not measured because of instrument failure,
(5) It would be possible to check the first thres hypotheses about the

cause of excessively high dymanic prezstm.u'es.1
Finally, it can be said that the instrumentation of Froject 1.11,

except for flow-direction studies, did not give a complete coverage of

the precursor phenamenon, since only two groups of gages were situated on
each blast line. The experiment was basically an exploratory one, intended
to check dust significance and to determine if a more complete examination

was necassary and feasible,

11t must be admitted, hovever, that the check was considerably slanted to
yield detailed information in the event that the dust-.oading theory

proved correct, The check between the first two hypctheses was actually
better accomplished by the use of different surfaces employed on Shot 12,
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Chapter 3

EXPERIMEN'2L PROCEDURE

3.1 INSTRUMENTATION LAYOUT

Project 1.11 was primarily intended to instrument Shot 12, However,
since most instruments were new, it was declded to give them a preliminary
field test, which would have the further advantage %provided instruments
operated satisfactorily) of giving dust load and precursor information
fram a different surface,

For this test (Shot 4), two 3-foot towers were situaled side by side
at a ground distance (2,150 feet) to approximately correspond (according
to anticipated yields) to 2,000 feet on the desert line of Shot 12. One
tower carried a particle-velocity gege, a centripetal-density gage, a
force plate, and a wind—-direction page (mounted to measure yaw), The
other carried a snob and a greg gage. At 1,350 feet from ground zero, a
wind-direction gage was mounted in the pitch-sonsitive pcsition (Figure
3.1). Figure 3.2 shows the towers before and after Shot 4. The baffle
of the centripetal-density page was blown away; ths structural weakness at
fault was corrected in units used on Shot 12,

On each of the blast lines for Shot 12 (desert, asphalt, and water),
twin 3-foot towers were located at ground distances of 2,000 and 2,500 fest.
Mounted on each tower was the same array of geges used on Shot 4, except
that the wind-direction gage was replaced with the medium-density gage on
the desert line and neither gage was used on the other lines, Wind-direction
geges were mounted to measure pitch., Only one particle-velecity gage (2,500
feet on the desert line) was used on Shot 12, since the check shot indicated
that the gage was unreliable.

Most wind-direction-time measurements were for pitch (Table 4.1) at
stations where Project 1,10 measured dynamic pressures.

Yuw-time measurements were made on the water line to check cross feed
froa the adjacent desert, Gages at 1,500 feet from ground zero were located
175 and 275 feet Irom the centerline, while those at 2,500 feet from ground
zero were located 11C ard 250 feet from the centerline, Yaw-time measure-
ments were made on and beyond the water line at 2,650, 2,750, 3,000, 3,150,
ard 3,350 feet from ground zero for Project 5.5, These support measurements
were supplemented by measurements of dynamic pressure at 2,650, 3,150, ard
3,350 feet by use of pitot-static gages loaned by Stanford Research Insti-
tute.

Finally, on Shot 12, pressure- and dynamic-pressure-time records were
obtained at &,00C feet on the desert line to determine if ihe dynanic-
preasure-time curve wns different than would be expected over an ideal
surface. Measuremonts were made with a pitot-static tube mounted at a
heigat of 10 feet,
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Figure 3.2a Towers with special dynamic pressu-e
instruments (2150 ft from ground zero, pre-Shot 4).

Figure 3.2b Foreground tower with "bafflelsss"
cerntripetal-density gage, force plate, particle-
velocity gage, and wind-direction gage (post-Shot 4).
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Figure 3.,2c Beckground tower with snob and greg gagee, and
an unofficial dust sampler (post-Shot 4).

3.2 RECORDING SYSTEM

A1l instruments were used i1 combination with a new direct—current
recording system develcped by Sandia Corporation (Reference 14). To
reduce loss of informetion, results were recorded in two wayas (1) by a
direct-current signal recorded on photographic paper, and (2) by a
frequency-modulated signal recorded on magnetic tape, Preshot checks
determined that the methods egreed to within 1 or 2 percent; in data
reduction, both types of records were used,
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Chapter 4
RESULTS AND DISCUSSION

Operation Teapot Shot 12 was detonated April 15, 1955, at 1115 PST
on a 400-foot tower in Frenchman Flat; the yield was estimated to be 24
kt., Gemetry of the device was such that a symmetric explosion was ex~
pected,

During the shot all instruments remained in place; however, some
sustained missile damage, particularly on the asphalt line, Records and
postshot checks revealed that a number of gages had been burned out by
the zero-time tranaient, This zero-time trarsient also rsduced the value
of informatlon obtained fram a few other gages by grossly changing their
sensitivity. The particle-velocity and medim-density gages performed
unsatisfactorily.

Despite these cisappointments, a large amount of infermetion was
obtained, and the experiment is deemed successful.

Lel DATA REDUCTION AND READING TECHNIQUES

For dats evaluation, records were studied with a reading device which
recorded time and deflection by punching a series of IBM cards, These
times and deflections, with calibration data, formed the basis for an ex~
panded plot from which parameters were read. A few records were so "hashy"
that they were smoothed by averaging.

Since most records did not exhibit classical wave shapes, one had to
be somewhat arbitrary in defining peask values. We chose to read only those
values having durations of more than 5 msec, ignoring isolated spikes which
exceed the defined maximums, since any signal of less than 5-msec duration
has questionsble demage and physical significance. Time of maximm is the
time the deflecticn first achieves its maximum value.

For pitch measuraments, hovever, the initial extrame value was read,
whatever its duration, since we wish to study this type of maximm,

Le2 WIND-DIRE“TION MEASUREMENTS

Le2el Pitch. Wind-direction gages performed satisfactorlly except
for those oliminated by the zero-time transient, Considerable pitch was
observed on all lines, even over water where none was expected. Table 4.1
gives initizl pitch information far the three lines, For desert and asphalt,
Figures 4.4 and 4.5 give maximum initial pitch versus ground distance, and
Figure 4.6 gives initial flow duration at various ground distences, Initial
flow is considered finished either when the flow returms to horizontal or
steadies to turbulent fluctuations about an average which is nearly horizontal.
Fram ground zero out to and including 2,250 feet on the desert and
asphalt lines, pitch-time records show brief initial upward flow (positive
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TABLE 4,1 INITIAL PIICH EEHAVIOR (@), SHOT 12

T T T i -
'rmm-um""'"m"m"“‘% Ad of |
Qroun Gage | of Piret Vene | Time cfter | Initial |
Distanse | Surface |Height Daflection Jalue Zero Pericd ] Later Behevior and Remarks
(43 (o3 se0 o seo ses |
Desert 3 | Gage out at serv
Asphalt | 3 0.18 +8.0 | 0.189 06230 | Settles on ¢~ averuge of
+0.5°, shovs & later mximm
1250 | wf +12° at 3,320 seo
Vater 3 0.5 HETZ 0,267 0,273 | fGoes o an average of -10°
3 I | Cage out at sero
Desmrt ™05 0,271 T+ 0.27% 0.290 | Bettles to turbulest flow
about +6°
3 _ Gage out at sero
500 | Asphalv T, 0.249 65 04254 0,264 | Settles to average about +9°
. 3 Ca3T? 20 0.437 0498 | Goes to +9°, flow pearly
Water | borisontal to 0.413 seo
10 0.3% | #18 00418 0,432 | After erratis pericd goes to
an aversge on -8,3°
Tesert 10 0,350 +2.8 0.352 0,370 ! Bensltlvity probably low
Asphalt | 10 0,32% +58 0.3% 0,353 |Settles ca an aversgs of +3°
1750 | Water 10 Coh95 =38 0,542 0.7 |GCoes to adout +7°, extremely
turtulent during negative
pitah period
) 0.457 +15 04465 04490 | Goes to an aversge of =5°
el 00460 +% 0,467 | 0,510 | 0Ooes to an average of +8°
3 0,422 +10 0.431 00468 | Gu08 to en avarage of -2.5°
2000 |dsphalt | 0,427 +id 06437 | 0,480 |Bettles oo an average of +1°
3 0,595 14 0,618 0,626 |Ooes to an sversge of 3
Fater 10 0,607 A 0,628 | 0,640 |Ooes to an aversge of +16°
Desert 10 0,615 +5]1 0,635 0.72 Goes slightly nagative, them
back to +¥10°
250 halt 10 Oage out et sero
Vater 10 Gage out at saro
3 0,85 *het C.845 2.913 Goes to sero, them ehcvs
spike (+7°) finally goes
negative
10 0.837 +13 0.875 0,890 | Goes %o =7.5°, then steadise
hm tﬁ "'3.5°
25 0.830 +13 0,933 0,965 223' to =129, then baok to
0,835 +28 0.947 0,985 | Oces to ~10°, then bask to
+100
25¢C) 3 0.58 +6.5 0,691 0.799 0-:;0 t0 an averegs of about
10 0,686 +18 04708 0.924 00:0 to an average of abourt
~3
Asphalt | o5 0,691 2 0.720 0,81 |Settles at +2° then goes to
<10° at 0.95C seo
40 04700 +17 04790 0,980 {Goes to -10,5° after initial
phase
Water 10 0,995 745 1.161 low nearly horiscotal wumtil
1,030 sec
Desort 3 1,085 +5,9 1.34) 1,390 | &ows nogative dlp to =3°
then goes baok to +2°, shows
platesu befare initial peak
2750 | Asphalt 3 0.833 +heb 1,015 1,070 [ Settles to aversgs sbout -1°,
shows platesu before peek
Vater 3 Gage out at serv
Dee ar+ 3 No deteotable deflestion
3000 | Asphelt 3 1.041 +8,0 1.103 1440 Settles at about +1°
Water 3 Gage out st sero
3500 | Desert 10 Ko detectedble ieflection o
4300 _LP'JG_X‘LJ_; 3 1 ¥o detectuble deflection




pitch) after which flow is nearly horizontal (Figures 4.1 and 4.2). At
the 3-foot level this steady, mearly horizontal flow 1is slightl§ downward
(=) wvhile at the 10-foot level it is usually slightly wpward ().

At 2,500 feet on these two lines, pitch begins with upwerd flow,
which lasts considerably longer than at closer stations (Figures 4.1 and
4¢2). This is followed by a period of dowmward flow in which the magni-
tude of negative pitch is ccmparable to that of the positive pitch before
it. Downward flow lasts considerably longer on the asphalt than it does
on the desert line,

Beyond 2,500 feet on these two surfaces, duration of initial upward
flow increases while the tendency to dowmward flow after the initial phase
is less pronounced or even lacking (Figures 4.1 and 4.2). At and beyond
3,00C feet on the desert line no pitch was observed. On the asphalt line,
pitch was appreciable out to the last station at 3,000 feet.

Pitch-time records for the water lire are given in Figure 4.3.

In Figures 4.4 and 4.5 maximum initial pitch obtained cn the desert
and asphalt lines are compared with mafﬂmum pitch of flow inferred from
photographic and time-of-arrival data,* On the asphalt line at the closer
stations, agreement between measured and estimated pitch at the 10-foot
level is remarkably good. This means that these higher gages upon being
enveloped by the shock were effectively above the thermal layer, for in
this layer one would expect to observe a pitch less than that estimated.
Apparently the thermal layer was thicker on the desert line since no such
agreement was obtained bpetween measured and estimated pitch, All measured
pitches at the 10-foot level were leses than estimated, except at 2,250
feat from ground zero,

Maximmm initial piteh on the desert amd =2ephalt lines was invariably
less at the 3-foot than at the 10-foot level, This seams tc confirm that
flow must bscame horizontal as one approaches the surface (see Section 1.2).

In Fiezie 4.6, initial wpward flow durations on desert and asphalt
eppear tc increase with ground distance. Thsre is also a marked tendency
for the initlal flow to persist longer at 10-foot than at 3.foot elevations.
Finally, thers is a slight tendency for the initial flow to last longsr
over asphalt than at corresponding stations over desert,

If correlation is attempted betweem initial upward flow durations and
the delay between precursor and "main shock" arrival (here chosen as ar-
rival times over the water) for the two lines, results are disappointing.
The delay between shocks is much longer than the initial flow duration at
closer sta.ions, about the seme at 2,500-foot stations, and less than
initial flow durations beyond 2,500 feet.

Pitch-time behavior over desert and esphalt lines at 2,500 feet is
given in Flgurses 4.7 and 4.8, where vectors representing the direction and
magnitude of flow at various elevations are sketched at 50-msec intervals.
It is tempting to cousider tne flow configuration a steady one passing the
station and so specify a separation ian distance as well as time between
the various stages, Such a concept is misleading, since this flow con-
figuration is a rapidly changing one induced by a pressure wave inter-
acting with a thermal layer., Figures 4.7 and 4.8 show graphically that

~———

lFlou angles were caputed from the preshock speed of sound estimates
listed in ITR-1153 (Reference 2). These angles apply above the thermal
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Figure 4,1 Pitch time records on desert line (timo scale
starts on signal arrival).
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Figure 4,1 (Cont'd) Pitch tiue records on desert line (time
scale starts on signal arrival),
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Figure 4.2 Pitch time records on asphalt 1ine (time scale
starts on signel arrival),
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Figure 4.2 (Cont'd) Pitch time records on asphalt linc (time
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Figure 4.2 (Cont'd) Pitch time records on asphalt line (time
scale starts on signal arrival),

downward fiow at the 2,500-foot stations on the two lines begins at about
the same time, namely 1 second., This is about 100 msec after shock ar-
rival on the water 1line and suggesis that the downflow represents "feed-
through" from the shocked sphere of air above the precursor. Substanti-
ating this, the desert line at the 2,500-foot station experiences its
highest overpressure at this time and overpressure-time records on the
asphalt show & plateau prior to the downward flow period, Perhaps even
more significant, maximm air dynamie pressure occurs just prior to down-
ward flow on the desert, while on the asphalt line air dynamic pressure
1s sustained at nearly a constant value until the downward flow period.

While pitch-time behavior was systematic over the desert and asphalt,
it was not over water. Often the two elevations at a single ground dis-
tance have maximum initial pitches of opposite sign, although not at the
same time, While the pitch behavior is erratic, compensating flows are
usually present; that is, a period of one of pitch is followed by a period
in which pitch has the opposite sign., The only apparent explanation of
these records is that they reoresent a large-scale turbulence in the shock
afterflow,

Littlo pitch was observed at the 1,750-foot station; there also the
overpressure-time curve was nearly ideal., Likewise at 2,500 feet, where
the overpressure wave again was nearly ideal, little pitch was observed
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Figure 4.3 Pitch time records on water line (time scale
starts on signal arrival).
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Figure 4.3 (Cont'd) Pitch time records on water line (time
scale starts on signal arrival).

until about 100 msec after shock arrival after which a pitch-time pattern
similar to those observed on the other lines at this distance was observed.

It was hoped that photography of the shock over the water line might
clarify pitch behavior, but no satisfactory motion pictures were obtained
because tks shock wave over this line was screened by dust raised over the
adjacent decert.

bs2ed Jaw. Both instruments at the 1,500-foot statior on the water
line were bwrned out by the zero transieant, Instruments at 2,500 feet,
which wera at 110 and 250 feet fram the center of the 800-foot-wide blast
line, showed no significant systematic yaw. The gege at 110 feet from the
center displayed considerable erratic fluctuation (up to 67 degrees) well
after shock errival. This may have been caused by the passage of a cell
of turbulence, or more likely, by mud striking tho vane.

Yaw measured on the water lirs and beyond it for Project 5.5 was
amall, amounting to a degree or less, Maximum dynamic pressures measured
at three of these stations are listed in Table 4.2.

Although no systematic yaws were measured over the water line, times
of arrival at instruments stationed at 2,000 feet indicate that the first
preasure signal came from the side with a considerable angle to the radius
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vector, perhaps as much as 4C degrees. The initial behavior of the instru-
ments suggests the same result.

4Le3 OTHER MEASUREMENTS

42”41 Snob and Greg (Air and Dust Dypamic Pressures). For this re-

port it will be assumed that the enob gage registered no dust dynamie

| oo m - 2
W —— + -
/
~——— DESERT (O ’ A
x>~  —— — DESERT 3 @ e 4__1_4 AL
—-— asPWALT IO’ | s/
...... T ' 4 /
ASPHALT 3 % iy

INITIAL FLOW DURATION (MSEC)

22%0
GROUND OCISTANCE (FEET)

Figure 4.5 Duration of initial upward flow periuod as a
function of ground distance (desert and asphalt),

pressure while the greg gage registered dust dynamic pressure ( pd"dz)
fully. If substantial corrections are necessary because of the small size
of the Frenciman Flat particles, an addendum giving these corrections will
be published. However, the mean-mass particle diameter ran larger than
expected so the correction will probably be small, Iu brief, the cor-
rection will be that air dynamic pressures given in this report will be
sanewhat high and dust dynamic pressures will be somewhat iow.,

Except for their vulnerability to missiles, these gages wera satis-
factory., Greg gage suffered considerably from missiles; one at 2,000 feet
on the desert line and both gages on the asphalt line were impaired, Snob
gages fared better, although the probes were partially sealed by late mis-
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Figurs 4.8 Pitch time history for various lavels at 2,500
£t (rsphalt), (length of arrows is prorortional to estimated
flow speed).
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siles or mud; only the gage at 2,000 fest on the asphalt iine lost infor-
rnation,

Peak valuss for the two lnstruments ere Listed in Tables 4.3 and
Lel, wnile records are displayed in Figures /.G through 4.1i. Peak values
of air dynanic pressure (snob differential) have nct been corrected for
Mach effecte, The more academic corrected pesck valiues of air dynamic
pressure are given in Remarks of Table 4.2, Whers Mach correcticns were
applied we heve alsc corrected for the error in side-on pressurs.,

Air dynamic pressure-time records corrected for Mach effectes ar:
given in Firures 4.15 through 4.19. These corrections have been obtained
by solving the equation

2q \/2
q 3%9112:;3&02 1+—£§ -1 (4.1)
.Oac

where ¢ 1s the local speed of sound. This expression 1s a rephrasing of
Equation 1.3 retaining only the first two terms.

Equation 4.1 is somewhat misleading in that while o, and c? nmsy be
individually obtained fram air-density=time records their product is in-
dependent of air density. Instead pge” is proportional to absolute side-on
pressure and Equation 4.1 maj be written as

; 25\
M- _
5= (l + ?G;o—‘%LAP-S) -1 (4e2)

where M is Mach number ard vy is the specific heat ratio. For the 1..ge
of Mach mmbers we are concerned with these expressions are effectively
equivalent to the rigorous ones relating Mach mmber, observed dynamic
rressure, and absolute side-on pressure. Caputational errors incurred
are less than those of measurement and less questionable than the un-
certainties of applying analysis of & clean air case to the dusty after-
flow of the desert line.

Dust dynamic pressure-time curves (qd) are given in Figures .15
through 4.19. This quantity is derived by subtracting frum the greg
reading the uncorrected eir dynamic pregsure (snob) and the overpressure
as registered by the snob side-nn., For the water line at 2,000 feet fram
zero, the snob side-on pressure showed a short positive phase so the
baffle side-on pressure was used after the maximum,

Peak air dynamic pressures at equal distances were highest over the
desert, less high over asphalt, and lowest over water at both 2,000~ and
2,500-foot stations, Only at 2,500 feet on the water line did the peak
alr dynmamic pressure agree with the Rankire Hugoniot relations (Equaticn
1.2). This station experienced a nearly classical overpressure wave
shape, At all other stations air dynmamic pressure was higher than would
be expected fram measured overpressure and Equation 1.2, usually by a
substantial factor,

Whitener has pointed out that Equation 1.2 is not truly applicable
for computation of air dynamic pressure within an isentropic expansion
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TABLE 4.2

PITOT STATIC TUBE DYNAMIC PRESSURE RESULTS (q'), SHOT 12

Ground I lTineoI F_kx—jrm{'w-r—
DMistence | Elevaticn Surface Arrival Yalue Time Razarks
e ' ft sec psi | sec
| |
625 6 | Water 0,997 3e4 1,000 Some ringing
T
3150 6 Behiml 1346 2.0 1.345 | Considersble ringing
wvater line
3350 6 Bahind 1,487 1.75 1.487 Considerable ringing
water line
8000 10 Desert 54304 0,05 | 5.3%
|
TABLE 4,3 SNOB RESULI3 (q‘c), SHOT 12
(ALl Gage Elevations 3 ft)
Cround Time of Max, Dynamic Pressure
Distance Surface Aryivel Value Time Renmarks
£ sec pel sec
Desert 0.453 25 04498 First maximer value corrected for
3 0,765 Mach effect is 20 £14
2000 Asphalt 0418 10.4 0,441 Cage waa prcbably ssaled by missile
at maximm
Water 0,59 6.1 0,695 Maximm value corrected for Mach
effact is 5.8 psi
Desert 0,786 8<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>